91 521355 2 Comorbidity in children and adolescents with ASD Abstract The current study investigated comorbidity in eighty-nine children and adolescents with Autism Spectrum Disorder in Ireland. Comorbidity is the presence of one or more disorders in addition to a primary disorder. The prevalence of comorbid psychological disorders, behaviors associated with comorbid psychopathology, epilepsy, gastrointestinal symptoms and sleep problems were examined. Age, gender, level of intellectual disability, presence of epilepsy, attention deficit/hyperactivity disorder (AD/HD) and an anxiety disorder were determined using a self-constructed demographic questionnaire. The Autism Spectrum Disorder-Comorbidity-Child (ASD-CC) was administered to informants to assess symptoms of psychopathology and emotional difficulties. The Children's Sleep Habits Questionnaire (CSHQ) and Gastrointestinal symptom inventory were administered to assess sleep problems and gastrointestinal symptoms respectively. Forty-six percent of participants had a comorbid disorder, with this number increasing to 78.7% if intellectual disability was included. The prevalence of epilepsy was 10.1%, AD/HD was 18% and an anxiety disorder was 15.7%. Prevalence rates of gastrointestinal symptoms and sleep problems are discussed in the study.
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Comorbidity in children and adolescents with ASD Despite the necessity for research on comorbid conditions in ASD, there are many difficulties associated with diagnosing comorbid disorders. Matson & Nebel-Schwalm (2007) discussed these in their review on comorbid psychopathology in children with ASD.
The first difficulty in diagnosis of comorbidity is that there is often an overlap in ASD and intellectual disability (ID). Seventy five percent of individuals with ASD show some level of ID (Croen, Grether & Selvin, 2002; Matson & Nebel-Schwalm, 2007) . It was even questioned until recently whether individuals with ID were able to develop mental health disorders (Matson & Barrett, 1982; Matson & Nebel-Schwalm, 2007) . Secondly, symptoms of comorbid disorders may vary in individuals with ASD from symptoms seen in the general population. Thirdly, there is considerable heterogeneity in symptoms of ASD which leads to complications regarding what constitutes core symptoms of ASD. Finally, symptoms of comorbid conditions can change over time. This is especially true in the case of mood disorders, in particular bipolar disorder (Matson, González, Smith, Terlonge, Thorson & Dixon, 2006) . Simonoff, Pickles, Charman, Chandler, Loucas and Baird (2008) found that 70% of children with ASD had at least one comorbid disorder, with 41% having two or more.
Prevalence rates of specific comorbid disorders have been shown to vary considerably within different studies. Simonoff et al. (2008) found social anxiety disorder to be the most common comorbid disorder in children with ASD, with 29% of participants presenting with the disorder. In contrast, Leyfer, Folstein, Bacalman, Davis, Dinh, Morgan et al. (2006) found that only 7.5% of children with ASD presented with social anxiety disorder. Leyfer et al. (2006) found specific phobia to be the most common comorbid diagnosis, with 44% of children with ASD meeting diagnostic criteria, while Simonoff et al. (2008) found only 8.5% of children presented with a specific phobia. Oppositional defiant disorder was found in 28% (Simonoff et al., 2008) and 7% (Leyfer et al., 2006) of children with ASD respectively. Ten 5 Comorbidity in children and adolescents with ASD percent of children presented with at least one episode of major depression (Leyfer et al., 2006) , compared to less than 1% (0.9%) in Simonoff et al.'s (2008) study.
There are similarities in prevalence rates between diagnoses of comorbid attentiondeficit/ hyperactivity disorder (AD/HD), with rates varying from 28% (Simonoff et al., 2008) to 31% (Leyfer et al., 2006) . Due to the variability of prevalence rates of comorbidity in children with autism, one of the aims of the current study is to determine the prevalence of current comorbid disorders as well as behaviors that are associated with comorbid disorders.
These behaviors include tantrum behaviors, repetitive behaviors, worry/depressive behaviors, avoidant behaviors, under-eating, over-eating and conduct behaviors and are measured using the Autism Spectrum Disorder Comorbidity-Child Version (ASD-CC) (Matson & González, 2007) . In relation to gender differences, Worley and Matson (2011) found that there was no difference between males and females with ASD in terms of total psychiatric symptoms or on any of the specific factors of psychiatric symptoms examined, using the ASD-CC. The current study also aims to determine prevalence rates of other comorbid disorders, such as epilepsy, gastrointestinal symptoms and sleep problems.
Reports of the frequency of epilepsy in autism range from 5% to 38.3% (Tuchman, Rapin & Shinnar, 1991; Mouridsen, Rich & Isager, 1999; Rossi, Parneggiani, Bach, Santucci & Visconti, 1995; Wong, 1993; Tuchman & Rapin, 1997; Olasson, Steffenburg & Gillberg, 1988; Volkmar & Nelson, 1990; Giovanardi-Rossi, Posar & Parmeggiani, 2000; Tuchman & Rapin, 2002) . The prevalence of epilepsy among all children is estimated at 2-3% (Tuchman & Rapin, 2002) . Volkmar and Nelson (1990) found that seizures occur most frequently in infancy before 5 years of age and in adolescence after 10 years of age. Clinical epilepsy develops by adolescence in more than a third of children with Autistic Disorder, while the likelihood for those with Asperger's syndrome of developing epilepsy is 5-10% in early childhood (Tuchman et al., 1991) .
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Comorbidity in children and adolescents with ASD In their meta-analysis, Amiet, Gourfinkel-An, Bouzamondo, Tordjman, Baulac, Lechat et al. (2008) found that ID was found to be a risk factor for epilepsy where the prevalence of epilepsy was 21.4% in individuals with autism and ID versus 8% in individuals with autism without ID. The more severe the ID, the more prevalent epilepsy is and the greater part of statistical association between epilepsy and ID in autism relates to moderate and severe ID (Amiet et al., 2008) . Amiet et al. (2008) also found that more females than males with autism had a diagnosis of epilepsy, where the prevalence of epilepsy was 34.5% in females versus 18.5% in males. Furthermore, Tuchman et al. (1991) found that girls with autism had lower cognitive ability than boys.
It is important to consider comorbid psychopathology alongside epilepsy as people with epilepsy are at an increased risk of experiencing suicidal ideation, displaying suicidal behavior and committing suicide than the general population (Hecimovic, Salpekar, Kanner and Barry, 2011) . In the study, the researchers also commented that depressive disorders in paediatric patients remain under-recognised and untreated in this age group, highlighting the need for the development of more sensitive and specific screening instruments to identify depressive disorders in children (Hecimovic et al., 2011) .
Reports from paediatric gastroenterologists have described gastrointestinal (GI) symptoms in 46% to 84% of children with autism (Horvath & Perman, 2002a; Horvath & Perman, 2002b , Horvath, Medeiros, Rabsztyn, Ramer, Sewell, Zielke et al., 2000 , Melmed, Schneider, Fabes Philips & Reichelt, 2000 Kuddo & Nelson, 2003) . Other studies found smaller prevalence rates of GI symptoms in children with ASD, from 22.7% (Nikolov, Bearss, Lettinga, Erickson, Rodowski, Aman et al., 2009 ) to 24% (Molloy & Manning-Courtney, 2003) . Comorbidity in children and adolescents with ASD Kuddo and Nelson (2003) commented on the features of autism that complicate interpretation of GI symptoms. Deficits in language can lead to difficulties in parental perception of pain in children with ASD. The insistence on sameness can lead children to demand stereotyped diets that may result in an inadequate intake of fibre, fluids and other food constituents, which can cause gastrointestinal problems. If medication is administered to children with ASD, it can influence gut function, for example stimulants can cause abdominal pain and beta blockers can cause diarrhoea, constipation and gastric irritation (Kuddo & Nelson, 2003) .
Despite high prevalence rates of gastrointestinal symptoms being found in some studies, others have found that gastrointestinal symptoms are no more common in children with ASD than typically developing children (Kuddo & Nelson, 2003; Ibrahim Voigt, Katusic, Weaver & Barbaresi, 2009 ). Using matched control participants, Ibrahim et al. (2009) found no significant association between autism and overall incidence of gastrointestinal symptoms or any other gastrointestinal symptom category, except constipation and feeding issues. Constipation and feeding issues were found to have a behavioral aetiology (Ibrahim et al., 2009) .
Children with ASD with GI symptoms were no different from children without GI symptoms in demographic characteristics, measures of adaptive functioning or autism symptom severity (Nikolov et al., 2009 ). However, children with GI symptoms showed greater symptom severity on measures of irritability, anxiety and social withdrawal and were less likely to respond to treatment (Nikolov et al., 2009). Valicenti-McDermott, McVicar, Cohen, Wershil and Shinnar (2008) compared gastrointestinal problems in children with ASD with and without language regression. An association was observed between children with language regression, a family history of autoimmune disease and gastrointestinal symptoms.
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Comorbidity in children and adolescents with ASD Two-thirds of children and adolescents with ASD have a sleep problem at some point in childhood (Richdale, 2001; Richdale & Schreck, 2009) . Contrasting this to typically developing children, up to 50% of children in the age range 0-6 years may have a sleep problem, and an average of 25% of all children will experience sleep difficulties at some time (Sheldon, Ferber & Kryger, 2005; Richdale & Schreck, 2009) . Similarly to epilepsy, intellectual disability has been found to be a risk factor for sleep problems. When an intellectual disability is present, sleep problems may be found in up to 80% of children (Sheldon, Ferber and Keyger 2005; Richdale & Schreck, 2009 ).
Relationships have been found between sleep problems in children with ASD and increased rates of overactivity (Hoshino, Watanabe, Yashima, Kaneko & Kumashiro, 1984) , disruptive behavior (Patzold, Richdale & Tonge, 1998) , communication difficulties (Segawa, Katoh, Katoh & Nomura, 1992) , social difficulties (Segawa et al., 1992) and difficulties with breaking routines (Segawa et al., 1992) (as cited in Schreck, Mulick & Smith, 2004) . Schreck et al. (2004) found that fewer hours of sleep per night predicted overall autism severity scores and social skills deficits. Similarly, stereotypic behavior was predicted by fewer hours of sleep per night and screaming during the night (Schreck et al., 2004) . Poor sleepers with ASD have a higher percentage of behavioral problems than good sleepers with ASD (Goldman, McGrew, Johnson, Richdale, Clemons & Malow, 2011) .
The current study aims to investigate whether comorbid symptoms and disorders predict sleep problems in children and adolescents with ASD. Behaviors commonly reported as comorbid with ASD, such as sensory issues, eating habits, hyperactivity, and anxiety were more common in poor sleepers (Goldman et al., 2011) . The most powerful predictors of sleep disturbance were parents' ratings of autism severity, followed by hyperactivity, mood variability, and aggression, which combined one third of the variance in sleep problems (Mayes & Calhoun, 2009 ). Other significant factors predicting sleep disturbance included 9 Comorbidity in children and adolescents with ASD parental ratings of oppositional behavior, explosiveness, attention deficit, impulsivity and anxiety (Mayes & Calhoun, 2009 ). Higher levels of sleep problems are associated with higher levels of anxiety in children with ID and/or ASD (Rzepecka, McKenzie, McClure & Murphy, 2011) .
The first aim of the current study is to find the prevalence of current comorbid psychological disorders and behaviors that are associated with these disorders, alongside investigating the prevalence of intellectual disability, epilepsy, gastrointestinal symptoms and sleep problems in children and adolescents aged 3 to 16 years with ASD in Ireland. O'
Connor and Healy (2010) found in their study of long term outcomes of post intensive behavioral interventions, that all five participants' results indicated varying levels of concern about the possibility of a comorbid AD/HD condition. However, the prevalence of comorbidity in children with autism spectrum disorders has never been examined in Ireland to date, and this study aims to yield data that is currently unavailable. The second aim of the study is to investigate if the presence of current comorbid psychological disorders, behaviors associated with psychological disorders, intellectual disability, epilepsy or gastrointestinal symptoms predict sleep problems in children and adolescents with ASD.
Method

Participants
Participants were 89 children and adolescents with a diagnosis of autism spectrum disorder (in accordance with DSM-IV-TR criteria). Participants were recruited through schools, ASD service providers, parent support groups and online forums. The mean age of the sample was 9 years (S.D = 39.53), ranging from 3 to 16 years. Eighty three percent (n=74) were males and 17 percent (n =15) were female. Fifty nine percent (n =53) of participants had an intellectual disability. A mild intellectual disability was reported for 25 percent of males (n =19) and for 33 percent of females (n = 5). A moderate intellectual Comorbidity in children and adolescents with ASD disability was reported for 27 percent of males (n = 20) and for 26 percent of females (n = 4).
A severe intellectual disability was reported for 4 percent of males (n =3) and for 13 percent of females (n =2).
Measures
Demographic information. A self-constructed questionnaire provided information on the participants' age, gender, whether they had an intellectual disability and what level of intellectual disability. Presence or absence of epilepsy, Attention deficit/hyperactivity disorder (AD/HD) and an anxiety disorder were reported, as well as any other current comorbid diagnosis.
The Autism Spectrum Disorder -Comorbid for Children (ASD-CC). The ASD-CC (Matson & Gonzalez, 2007) , is a 39-item, informant-based rating scale designed to assess symptoms of psychopathology and emotional difficulties which commonly occur with ASD.
Items are included to address conditions such as AD/HD, depression, conduct disorder, eating disorders/difficulties, OCD, specific phobias, and tic disorders. Caregivers rate each item to the extent it has been a recent problem as either 0= "not a problem or impairment; not at all", 1= "mild problem or impairment", 2= "severe problem or impairment", or X= "does not apply or don't know". Inter-rater and test-retest reliability for the ASD-CC has been found to be moderately good (k = .46 and k = .51, respectively) with very good internal consistency (α= .91) reported (Matson & Dempsey, 2008) . breathing. The CSHQ is not intended to be used to diagnose specific sleep disorders, but rather to identify sleep problems and the possible need for further evaluation. While there are no established "norms" for the total subscale scores, a total CSHQ score of 41 has been reported to be a sensitive clinical cut-off for identification of probable sleep problems .
Gastrointestinal Symptom Inventory. The Gastrointestinal Symptom Inventory
(Autism Treatment Network, 2005) is a 35-item questionnaire that was developed in the early days of the Autism Treatment Network (ATN). There are also additional items should a participant exhibit certain symptomatology, and therefore includes 77 items in total. The ATN is the first network of hospitals and physicians dedicated to developing a model of comprehensive medical care for children and adolescents with autism through seventeen participating institutions in the U.S. and Canada. This tool has not been validated. It Comorbidity in children and adolescents with ASD was based on previous questionnaires and on clinical symptom assessment for children with autism and identified gastrointestinal disorders. The inventory is scored initially dichotomously i.e. whether or not the child has any gastrointestinal symptoms. The inventory also allows branching into specific areas of symptomatology: abdominal pain, abnormal bowel movements, reflux, and food insensitivity. These branches will allow determination of rates of these categories as well.
Informants
Informants were parents of children and adolescents diagnosed with autism spectrum disorder. Rating scales were completed by parents independently according to the instructions printed on top of the questionnaires.
Results
Current comorbid diagnoses
The prevalence of a comorbid disorder (excluding an intellectual disability) was 46.1% (n=41) in the sample. When intellectual disability is included as a comorbid disorder, 78.7% of (n=70) individuals had a comorbid disorder. The prevalence of Attention deficit/ hyperactivity disorder (AD/HD) was 18 percent (n = 16). The majority of those with AD/HD were male with 87.5% (n=14) of those with AD/HD being male, and only 12.5% (n=2) of those with AD/HD being female. Fifteen percent of children (n =14) had a diagnosis of an anxiety disorder with the majority with the diagnoses being male (n=9), while 5 females had the diagnosis. The prevalence of epilepsy in the current sample was 10.1% (n=9). Of those with epilepsy, 66.6% were males (n=6), while 33.3% were female (n=3). A diagnosis of oppositional defiant disorder (ODD) was present in 4.5% (n=4) of participants. Table 1 about here---13 Comorbidity in children and adolescents with ASD
---Insert
Comorbid psychopathology
The means and standard deviations were calculated for behaviors associated with psychopathology in the Autism Spectrum Disorder-Comorbid for Children (ASD-CC). The mean score for the ASD-CC was 28.56 (SD= 12.35) . Although there is no cut-off for the total score, there are cut-offs for the seven subscales. They are divided into no/minimal impairment, moderate impairment and severe impairment, depending on how far the score falls from the mean. All of the mean scores in the study were determined to have no or minimal impairment, when means were compared to established cut-offs. A summary of the scores for each factor and its level of impairment are provided in Table 2. ---Insert Table 2 about here---
Gastrointestinal symptoms
A gastrointestinal symptom inventory was missing for two of the participants. Of the 87 completed questionnaires, 79.3% (n=69) of participants presented with at least one gastrointestinal symptom within the last 3 months. 20.7% (n=18) presented with one symptom only, while 23% (n=20) had two symptoms. 13.8% (n=12) and 14.9% (n=13) presented with three and four symptoms respectively. Only 6.9% (n=6) had five gastrointestinal symptoms within the last three months. The most common gastrointestinal symptoms were abdominal pain and constipation, with each affecting 51.7% (n=45) and 49.4% (n=43) of participants respectively. Following these, diarrhea was the next most common symptom with 45.9% (n=40) of participants experiencing it, while 29.9% (n=26) of participants had experienced symptoms of nausea within the last 3 months. The least common gastrointestinal symptom was bloating, where 25.3% (n=22) presented with this symptom. Comorbidity in children and adolescents with ASD ---Insert Table 3 about here---
Sleep problems
The prevalence of sleep problems in this sample was 80.9% (n=72), whereby a sleep problem was classified if a child presented with a score of 41 or more on the CSHQ. The mean score on the CSHQ was 53.53 (SD=14.15). The CSHQ consists of eight subscales, which do not have specific cut-off points. A summary of the subscale means and standard deviations are included in Table 4 . Table 4 about here--- Gastrointestinal symptoms were added in the third block, and this model was significant, F (15, 86) =3.01, p=.001, ∆R² =.259. As can be seen in Table 5 ., under-eating, avoidant behavior and gastrointestinal symptoms were significant predictors in the final model, with the entire model explaining 25.9% of the variance in sleep problems.
---Insert
Hierarchical Regression Analysis
---Insert Table 5 about here---
Standard Multiple Regressions
In order to examine which aspects of sleep problems these variables predicted, eight standard multiple regressions were conducted. In the first multiple regression, bedtime resistance, a subscale of the CSHQ was entered as the criterion variable, while avoidant behaviour, under-eating and the five subscales of the GI inventory questionnaire were added individually. This model was not significant (p=.086). The same predictor variables were added in the remaining multiple regressions, alongside the remaining subscales of the CSHQ.
Avoidant behavior, under-eating and the GI inventory subscales did not predict sleep duration (p=.067), sleep onset delay (p=.353), sleep disordered breathing (p=.069) or night wakings (p=.293).
The model predicted sleep anxiety, F(7,86)=2.96, p=.008, ∆R² =.138., and explained 13.8% of the variance in sleep anxiety. Abdominal pain specifically predicted sleep anxiety, as shown in Table 6 . The model also predicted parasomnias, F(7,86)=2.88, p=.010, ∆R² =.132, thus predicting 13.2% of the variance in parasomnias. Under-eating was on the verge of significance. Finally, the model was significant as a predictor for daytime sleepiness, F(7,86)=3.83, p=.001, ∆R² =.187, explaining 18.7% of the variance. However, none of the individual variables predicted daytime sleepiness. Comorbidity in children and adolescents with ASD ---Insert Table 6 about here---
Discussion
In the current study, the prevalence of a comorbid disorder was 46.1% (n=41). This rate increased to 78.7% when intellectual disability is included as a comorbid disorder. This is similar to Simonoff et al. (2008) , who found that 70% of children with ASD had at least one comorbid disorder. The prevalence of epilepsy was 10.1% (n=9). This is supported by Pavone, Incorpora, Fiumara, Parano, Trifiletti, & Ruggieri (2004) who found the prevalence to be 6% in children with ASD without additional neurological disorders. More males than females had epilepsy in the current study, which is in contrast to the Amiet et al.'s (2008) study.
Prevalence of AD/HD was 18% (n=16) in children and adolescents with ASD. Simonoff et al. (2008) and Leyfer et al. (2006) found prevalence of AD/HD to be much higher, varying from 28-31%. However, Keen and Ward (2004) found AD/HD to have a prevalence of 13.7% in children with ASD. Previous literature found the prevalence of AD/HD to vary between 14-78% (Gargaro, Rinehart, Bradshaw, Tonge & Sheppard, 2011) .
The prevalence of an anxiety disorder was 15.7% (n=14). This is similar to previous literature, which ranged from 17-84% (Leyfer et al., 2006) . A diagnoses of oppositional defiant disorder (ODD) was present in 4.5% (n=4) of children with ASD. Other studies found rates to vary, such as 7% (Leyfer et al., 2006) and 28% (Simonoff et al., 2008) .
The ASD-CC was used in the current study to investigate behaviors associated with comorbid disorders. When compared to established means (Thorson & Matson, 2012) , the present study found similar results. Similar scores were found for worry/depressed, where Thorson & Matson (2012) found a mean of 2.69, while the current study yielded a mean of 3.08. Conduct behaviors were similar also, with the current study score being 1.81, Comorbidity in children and adolescents with ASD compared to 1.49. Under-eating (1.01) and over-eating (1.35) yielded very similar scores, compared to the established scores of 0.82 and 1.20 respectively. Differences lay between avoidant behaviors (5.63), tantrum behaviors (8.66) and repetitive behaviors (7.00) compared to Thorson & Matson's (2012) scores of 4.23, 6.70 and 4.91. Examining the variance in these results is an area for future research.
The majority of children (79.3%) presented with at least one gastrointestinal symptom in the last 3 months, with the most common being abdominal pain and constipation. This is similar to rates found in previous studies, varying from 46-84% (Kuddo & Nelson, 2003) . It is important to remember that gastrointestinal symptoms are also common in typically developing young children (Ibrahim et al., 2009). Horvath, Papadimitriou, Rabsztyn, Drachenberg and Tyson Tildon (1999) commented that unrecognised gastrointestinal symptoms and disorders may contribute to the behavioral problems of non-verbal children with autism, such as sudden irritability, aggressive behavior and night time awakenings.
Many parents searching for a biomedical intervention that may help their children with autism have embraced the hypothesis of a "leaky gut" in ASD (Ibrahim et al., 2009) . As a result, restrictive diets and other nutritional or gastrointestinal therapies, such as the glutenfree, casein-free diet have become widely popular interventions for children with autism, despite a lack of evidence regarding their safety or efficacy (Ibrahim et al., 2009) .
The majority of children (80.9%) also presented with a sleep problem. This is similar to Richdale's (2001) study which found that two-thirds of children and adolescents with ASD will experience a sleep problem at some stage in their lives, and similar to Sheldon et al. (2005) , who found that 80% of children with an ID have difficulties with sleep. In order to analyse what factors predicted sleep problems, a hierarchical multiple regression was conducted. It found that avoidant behavior, under-eating and gastrointestinal symptoms were predictors of the variance in sleep problems. This is supported by Ming, Brimacombe, Comorbidity in children and adolescents with ASD Chaaban, Ximmerman-Bier and Wagner (2008) In conclusion, this study is the first of its kind investigating comorbid psychopathology in children and adolescents with an autism spectrum disorder in Ireland.
Sleep problems and gastrointestinal symptoms were found to be very common among children and adolescents with autism, while epilepsy, AD/HD and anxiety disorders were not as common as the literature suggests. Behaviors associated with comorbid psychopathology were found to be similar with that of previous research. Future research could also examine the role behavioral interventions play in relation to comorbid disorders, including sleep problems. 
